Abdominal aortic aneurysms (AAAs) have historically been considered to be a manifestation of atherosclerosis. However, there are epidemiologic and biochemical differences between occlusive atherosclerotic disease and aneurysmal disease of the aorta. A case-control study was performed to investigate risk factors for AAA at the two tertiary care hospitals in Winnipeg, Manitoba, Canada, between June 1992 and December 1995 to investigate risk factors for AAA. Newly diagnosed cases of AAA (n = 98) were compared with non-AAA controls (n = 102), who underwent ultrasound for indications similar to those of the cases. Compared with that for never smokers, the adjusted odds ratio (OR) was 2.75 (95% confidence interval (Cl): 0.85, 8.91) for 1-19 pack-years, 7.31 (95% Cl: 2.44, 21.9) for 20-34 pack-years, 7.35 (95% Cl: 2.40, 22.5) for 35-49 packyears, and 9.55 (95% Cl: 2.81, 32.5) for 50 or more pack-years. Other factors significantly associated with AAA were male gender (OR = 2.68, 95% Cl: 1.26, 5.73), diastolic blood pressure (OR per 10 mmHg = 1.88, 95% Cl: 1.31, 2.69), and family history of AAA (OR = 4.77, 95% Cl: 1.26, 18.1). There was an inverse association between diabetes mellitus and AAA (OR = 0.32, 95% Cl: 0.12, 0.88). Neither clinical hypercholesterolemia nor serum levels of total cholesterol, low density lipoprotein cholesterol, and high density lipoprotein cholesterol was associated with AAA. The results of this study suggest that the risk factors for AAA differ from those for atherosclerosis and that atherosclerosis per se is not an adequate explanation as the cause of AAAs. Aw J Epidemiol 2000;151:575-83. aortic aneurysm, abdominal; atherosclerosis; case-control studies; diabetes mellitus; lipids; lipoproteins; smoking Abdominal aortic aneurysms (AAAs) are responsible for an increasing public health burden in developed countries. In Canada, AAAs are the ninth leading cause of death among men over age 65 years (1). AAA-related morbidity and health care costs are high: In the United States, AAAs were cited as the primary diagnosis for over 53,000 hospitalizations, and there were approximately 40,000 surgical operations for AAAs in 1992 (2). There is strong evidence diat the prevalence of AAAs has been increasing in many populations over the past few decades (3-6).
AAAs have traditionally been considered to be a manifestation of atherosclerosis (7) . However, this conventional theory has been increasingly challenged in recent years. Although many AAAs are accompanied by pathologic evidence of atherosclerosis, a causal relation has not been confirmed. Since most persons with atherosclerosis do not develop an AAA, it is likely that even if atherosclerosis does play some role in AAA pathogenesis, additional etiopathologic processes are involved. This is supported by research at the cellular level that has shown pathologic and biochemical differences between atherosclerotic occlusive and aneurysmal disease of the aorta (8) (9) (10) (11) (12) (13) (14) . For example, in comparison with aortic tissue in atherosclerotic occlusive disease, aneurysmal aortic tissue is characterized by a greater amount of proteolytic activity (8) (9) (10) (11) (12) and inflammation (13, 14) . The determinants and implications of these findings remain unclear. However, the familial aggregation of incidence of AAAs suggests that genetic susceptibility may play a key role in their pathogenesis (15, 16) . Furthermore, risk factors for AAA may be different than those for atherosclerosis. Lilienfeld et al. (5) have pointed to epidemiologic differences between coro-576 Blanchard et al.
nary heart disease and stroke and AAAs as evidence supporting this hypothesis.
In previous analytic studies of risk factors for AAAs, cigarette smoking was the only atherosclerotic risk factor that has been consistently associated with AAA (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . With respect to other known atherosclerotic risk factors, such as hypertension and hypercholesterolemia, results from previous studies have been inconsistent (19, (21) (22) (23) (24) (27) (28) (29) (30) . We conducted a casecontrol study in Winnipeg, Manitoba, Canada, to investigate the association between AAAs and atherosclerotic and other risk factors for AAAs.
MATERIALS AND METHODS
A case-control study was performed at the ultrasound departments of die two tertiary care hospitals in Winnipeg, Manitoba, between June 1992 and December 1995. Winnipeg (population 650,000) is the only major urban center in the central Canadian province of Manitoba (population, 1.14 million). A review of all surgical cases in the province suggested that a high proportion (>60 percent) of newly diagnosed AAAs were initially detected at one of the two ultrasound departments used in this study. To minimize selection and misclassification biases, controls were selected from among persons who were undergoing ultrasound examinations at these two institutions for indications similar to those of the cases. Overall, there were 98 cases and 102 controls included in the study.
Selection of cases and controls
Two groups of cases and controls were defined on the basis of indication for ultrasound. The first group ("suspected AAA") included persons who had been referred for aortic ultrasound because of clinical suspicion of an AAA. Cases and controls in this group were enrolled concurrently such that data collection was performed either immediately before or immediately after the ultrasound examination. Thus, the casecontrol status was unknown by either the participant or the investigator when data were collected. There were 60 cases and 67 controls in this group.
Cases for the second group included persons who had recently been diagnosed with an AAA incidentally on abdominal ultrasound that was performed for indications other than suspected AAA. Controls for this group were enrolled from among individuals who were having abdominal ultrasound for indications other than suspected AAA. To improve the efficiency of the study, only persons aged 40 years and older were eligible. No other criteria were used in the selection of these controls. One person who was recruited as a control for this group was found to have an AAA and was therefore classified as a case. There were 38 cases and 35 controls in this group.
The definition of an AAA was based on the assessment of the ultrasound radiologists at the two ultrasound departments. Case definition was based on the shape of the infrarenal aorta such that any definite focal widening was classified as an AAA, as suggested by Zwiebel (31) . In this clinical setting, we did not assess the reliability of the radiologic diagnoses. To further classify cases based on more objective size criteria, we also recorded the maximum transverse diameter of the aneurysm. Of the cases included, 90 (92 percent) had a maximum diameter of at least 3.0 cm.
Overall, of 275 eligible subjects, 200 (73 percent) were included in the study. Thirty-nine (14 percent) of the eligible subjects declined to participate, whereas the remaining 36 (13 percent) were not included because they missed their ultrasound appointment (4 percent) or a suitable time for an interview could not be arranged (9 percent). Nonparticipants were older than participants (mean age, 74 vs. 68 years), but did not differ from participants with respect to gender.
Data collection and risk factor definition
An in-person interview was conducted with each study participant using a standardized questionnaire to collect data related to sociodemographics, symptomatology, indications for ultrasound examination, history of specific medical conditions, family history of AAA and other conditions, and cigarette smoking. Two blood pressure measurements were taken with the patient seated, using a standard mercury sphygmomanometer. Fasting venous blood samples were also obtained for 87 (89 percent) of the cases and 91 (89 percent) of the controls. Serum total cholesterol and triglyceride levels were measured with the HitachiBoehringer-Mannheim 717-Autoanalyzer (BoehringerMannheim, Mannheim, Germany), using established protocols. High density lipoprotein cholesterol (HDL cholesterol) was measured by using the heparinmanganese precipitation method (32) . Low density lipoprotein cholesterol (LDL cholesterol) was estimated by using the Friedewald equation.
Participants were classified as having hypertension if they had a systolic blood pressure of 140 mmHg or greater, a diastolic blood pressure of 90 mmHg or greater, or they were currently taking antihypertensive medication prescribed by a physician. Hypercholesterolemia was defined as the presence of a fasting serum total cholesterol of more than 6.2 mmol/liter or current use of prescribed lipid-lowering medication. Diabetes mellitus was defined as the presence of a fasting serum glucose of 7.0 mmol/liter or more or a physician diagnosis of diabetes and current use of insulin or oral hypoglycemic agents. A positive family history of AAA or other conditions was determined based on a report of the condition in either biologic parent or any biologic sibling. Cigarette smoking was categorized according to current smoking patterns and past history. Lifelong pack-years of exposure were assessed by determining the average packs of cigarettes smoked per day for specific age periods, beginning with the age at initiation. These data were then cumulated to estimate the total pack-years of exposure.
Statistical analyses
To test for differences in the distribution of categorical variables, the chi-square test was used. In categorical comparisons, if the expected frequency of a cell was less than 5, Fisher's exact test was used.
To estimate the odds ratios for factors in relation to AAA after adjustment for other covariates, unconditional logistic regression models were used with the presence or absence of AAA as a dichotomous dependent variable. Continuous variables such as age, systolic and diastolic pressures, and serum levels of lipids and lipoproteins were entered directly as continuous variables in the models. Pack-years of smoking were divided into four separate categorical variables (1-19, 20-34, 35^9 , and >50 pack-years), which approximated the quartiles among eversmokers. Since there was a high correlation between systolic pressure, diastolic pressure, and clinical hypertension, they were modeled separately. Similarly, clinical hypercholesterolemia and serum levels of lipids and lipoproteins were modeled separately in the presence of other factors.
RESULTS
The mean aortic diameter among cases was 4.0 cm (range, 2.5-9.0 cm). Eight (8 percent) of the cases had aortic diameters of 3.0 cm, 46 (47 percent) diameters were 3.0-3.9 cm, 24 (25 percent) were 4.0-4.9 cm, and 20 (20 percent) were 5.0 cm or larger.
As table 1 shows, cases were older than controls, since a significantly higher proportion were aged >70 years (60 vs. 35 percent; p < 0.001). Cases were also more likely to be male (63 vs. 39 percent; p < 0.001). Cases and controls did not differ significantly with respect to the proportion with a completed high school education or the proportion with an annual household income greater than $30,000. A high proportion of both cases (82 percent) and controls (79 percent) reported visiting a physician at least three times within the previous year. Cases did not differ significantly in reporting ever having heard of an AAA prior to the physician visit leading to the current ultrasound, nor did cases and controls differ significantly with respect to the reported frequency of a previous abdominal ultrasound (for any reason). Cases were significantly more likely than were controls to report having ever smoked at least 100 cigarettes (87 vs. 61 percent, p < 0.001) and to be current smokers (34 vs. 21 percent, p < 0.05). Cases were significantly more Likely to report having a previous myocardial infarction and were somewhat more likely to report having clinically diagnosed hypertension, but did not differ from controls with respect to a history of stroke. Cases were less likely to report having diabetes mellitus, but this difference was not statistically significant. There was little difference between cases and controls in the selfreported prevalence of hypercholesterolemia. Cases were significantly more likely than were controls to report a family history of AAA (14 vs. 6 percent, p = 0.05). In general, results were consistent when analyses were stratified according to whether or not subjects were referred for ultrasound due to a suspected AAA (table 2) . In both groups, positive associations were found for age, gender, cigarette smoking, and family history of AAA. An inverse association was seen for diabetes in both groups, and there was no substantial association with lipids or lipoproteins in either group. The relation between blood pressure and AAA differed somewhat between the two groups, with a stronger association between diastolic pressure and AAA in the group referred for suspected AAA.
Since several criteria for the diagnosis of AAA based on aortic diameter have been proposed, we strat- * Adjusted odds ratios (OR) are based on logistic regression models. All models included age, gender, pack-years of smoking, diabetes, and family history of abdominal aortic aneurysm (AAA). Hypertension and systolic pressure were modeled separately in models that included age, gender, pack-years of smoking, diabetes, and family history of AAA. Hypercholesterolemia, total cholesterol, high density lipoprotein cholesterol (HDL cholesterol), and low density lipoprotein cholesterol (LDL cholesterol) were modeled separately from each other in models that also included age, gender, pack-years of smoking, diastolic pressure, diabetes mellitus, and family history of AAA.
t Models including serum lipid levels excluded 11 cases (eight from the aortic ultrasound group) and 11 controls (four from the aortic ultrasound group) for whom results were not available.
t CI, confidence interval. § Adjusted odds ratios are for each increment of approximately 1 standard deviation. * Adjusted odds ratios (OR) are based on logistic regression models. All models included age, gender, packyears of smoking, diabetes, and family history of abdominal aortic aneurysm (AAA). Hypertension and systolic pressure were modeled separately in models that included age, gender, pack-years of smoking, diabetes, and family history of AAA. Hypercholesterolemia, total cholesterol, high density lipoprotein cholesterol (HDL cholesterol), and low density lipoprotein cholesterol (LDL cholesterol) were modeled separately from each other in models that also Included age, gender, pack-years of smoking, diastolic pressure, diabetes mellitus, and family history of AAA.
t Cl, confidence interval. § Adjusted odds ratios are for each increment of approximately 1 standard deviation.
ified our analysis based on the maximum transverse diameter of the infrarenal aorta among our cases. Table  3 shows the results of these stratified analyses. When analysis was restricted to cases with an AAA diameter of at least 4.0 cm, all risk factor associations were in the same direction as when analysis was restricted to cases with less than 4.0 cm in diameter. However, in all instances, the strength of the associations was increased when analysis was restricted to cases with the larger AAA. We also stratified our analysis based on gender as shown in table 4. For all risk factors, associations were in the same direction in both men and women. However, associations were generally stronger among women. This is particularly true for pack-years of smoking. Among men, ORs ranged from 1.21 for 1-19 pack-years to 3.83 for 50 or more pack-years. Among women, ORs ranged from 5.81 for 1-19 pack-years to 28.9 for 50 or more pack-years.
DISCUSSION
Studies examining the association between established atherosclerotic risk factors and AAAs have provided conflicting results. Some of these discrepancies may result from important methodological differences. Previous prospective and case-control studies that did not account for the presence of detection bias may have overestimated the association between atherosclerotic risk factors and AAA (17, 21, 22, 29, 30) . Since most AAAs are asymptomatic (33) (34) (35) and many are never clinically diagnosed (4, 36, 37) , the likelihood of detection will be influenced by the extent of clinical scrutiny and the presence of vascular disease or presumed risk factors. Although large, crosssectional screening studies minimize detection bias, the use of differing case definitions for AAA may account for some of the differences in their findings (23, 24, 26, 27) . The use of differing approaches to measuring risk factor exposures, sometimes relying only on self-report, may also have resulted in discordant findings in these studies.
There are several methodological considerations in a study such as ours. One is selection bias. When case detection is not uniform, Rothman has recommended: 'To the extent that case selection is influenced by factors that are related to exposure, the control group should be subject to the same selection factors" (38, p. 103). Unlike previous case-control studies of AAA, ours has attempted to minimize the effect of detection bias by recruiting controls who were subject to similar selection factors as were the cases. To do this, we selected controls who underwent the same diagnostic procedure for indications similar to those of the cases. This approach has been proposed previously for the study of conditions (such as AAAs) whose detection is likely to be influenced by factors related to the exposures being studied (39) . A potential bias introduced by using this approach is that controls referred for the diagnostic test may be more likely to have other conditions that are related to the risk factors under study, thus minimizing observed associations. To investigate this bias, we stratified our analysis according the whether or not the indication for ultrasound was a suspected AAA, since these two case-control groups probably have different selection pressures. For the factors we studied, the findings in the two groups were generally similar (table 2). We also conducted additional analyses stratified by the presence or absence of known atherosclerotic disease (i.e., history of myocardial infarction or stroke) and found no important differences in the results (data not shown). These findings support the validity of our methodology and suggest that selection bias was not substantial. Further evidence for this is the similarity of cases and controls with respect to their previous contact with physicians and their prior awareness of AAA.
Case definition and misclassification of case status is another issue in study design. Since all of our controls were examined by ultrasound, the probability of misclassification of their status was reduced in comparison with studies that did not do so. Our case definition was based on the interpretation of clinical radiologists, and we did not attempt to assess the reliability of the diagnosis of AAA in this setting. Since the radiologists were not familiar with the exposure status of patients, any misclassification would probably have been nondifferential. Furthermore, to provide a more objective case definition, we analyzed our data according to the measured maximum infrarenal aortic diameter. When we then restricted our analyses to those cases that had a maximum diameter of at least 3.0 cm, our results were the same as the analyses based on all cases (data not shown). When we restricted analysis to AAA cases of at least 4.0 cm in diameter, in which the likelihood of misclassification is further diminished, this resulted in stronger associations for most risk factors (table 3) . This may reflect some misclassification bias among smaller AAAs. Alternatively, it may indicate that these risk factors are important for both the initial development and the subsequent growth of AAAs. A further potential source of misclassification is the existence of pathologic heterogeneity in AAAs. Inclusion of AAA cases due to causes such as trauma or infection could influence observed associations. However, since these are rare causes of AAA and we did not knowingly include any such cases in our study, we expect that this would have had a minor effect on our results.
Our study design permitted us to measure exposures in greater detail than was done in some large screening studies (23, 24, 26) . Still, since factors such as blood pressure, serum lipids, and glucose were measured at the time of AAA diagnosis, they may not reflect their levels prior to the development of AAA, resulting in a cross-sectional bias that would not be present in prospective studies. To attempt to minimize this bias, we also obtained detailed clinical histories. Nonetheless, the cross-sectional assessment of risk factors may have resulted in an underestimation of associations for exposures that reduce the survival probability of persons with an AAA.
As has been reported in several previous studies (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) , we found that smoking is a dominant risk fac-
tor for AAA. The strength and dose-response of the association between the cumulative lifetime history of cigarette smoking and AAA suggest a causal role for cigarette smoking in the etiology of AAA. We found that the association between AAA and smoking was much stronger among women than among men. To our knowledge, this has not been commented on previously in the literature. However, the results of a screening study by Pleumeekers et al. (23) also suggest that smoking may be a more potent risk factor among women (OR = 5.6) than among men (OR = 1.9). The greater importance of smoking as a risk factor among women may reflect the existence of important, unidentified risk factors that are more common among men than among women.
High blood pressure has frequently been touted as a risk factor for AAA. Whereas some prospective (19, 21) and case-control (22, 29) studies have found positive associations, several cross-sectional screening studies (23, 24, 26, 27) have found either no association or relatively weak associations between clinically defined hypertension and AAA. These discrepancies may be due, in part, to the presence of cross-sectional biases in the screening studies. Alternatively, they might indicate a bias due to selective detection of AAA cases among hypertensives in the prospective and case-control studies. Our finding that diastolic, and not systolic, pressure is positively associated with AAA is consistent with the results of the prospective Whitehall Study reported by Strachan (19) .
The strong association between AAA and family history of AAA is consistent with previous studies (15, 16, 40, 41) . The validity of our results is supported by the finding that cases and controls differed little with respect to prior knowledge regarding AAAs. Furthermore, we found that the family history was specific to AAA, since cases were not more likely than controls to report a family history of other conditions such as heart disease, stroke, or cancer (data not shown).
There has been little attention paid in the medical literature to the relation between diabetes and AAA. However, our finding of an inverse association is consistent with results of the few previous studies to address the issue (22, 23, 26) . A recent, large screening study by Lederle et al. (26) found a significantly lower prevalence of AAA among those with diabetes.
We did not find an independent association between AAA and hypercholesterolemia or serum levels of lipids or lipoproteins. Results of previous studies in this regard have been inconsistent (19, 21, 23, 24, 26) . A case-control study by Cole et al. (29) reported that AAA cases had reduced mean levels of HDL cholesterol compared with controls. Another case-control by Norrgard et al. (30) reported higher levels of (very low density lipoprotein cholesterol + LDL cholesterol) among cases. However, since both studies excluded persons with cardiovascular diseases from the control group but not from the case group, they may have overestimated the association between serum lipids and AAA. One prospective study by Strachan (19) found no association between serum cholesterol and aortic aneurysm, while another by Reed et al. (21) reported a positive association. In the study by Strachan, case ascertainment was dependent on death certification. As a result, the association may have been minimized due to underreporting of cases or the higher mortality due to other causes related to high levels of cholesterol. Conversely, since the study by Reed et al. depended primarily on clinical diagnosis, enhanced detection among persons with diseases related to hypercholesterolemia could have resulted in an overestimation of the association with AAA. Three screening studies have also provided varied results. Pleumeekers et al. (23) found slightly higher levels of serum cholesterol among AAA cases but no differences in HDL cholesterol levels. In contrast, Alcorn et al. (24) reported that low HDL cholesterol levels and high LDL cholesterol levels were associated with a higher prevalence of AAA. A notable difference between those two studies was that Alcorn et al. used a more sensitive case definition wherein an AAA was defined by an infrarenal diameter that was only 20 percent greater than the suprarenal diameter. This could result in a spurious association, since such a small dilatation may result from a compensatory dilatation in response to atherosclerosis rather than the disintegration of the aortic media and adventitia that is required for further aneurysmal dilatation. A third study by Lederle et al. (26) found that the presence of hypercholesterolemia, defined by self-report, was associated with a small, but statistically significant, increase in the risk of AAA.
Recent advances in the understanding of the pathophysiology of AAAs have led to revision of the historical theory that AAAs are caused by atherosclerosis, and a multifactorial causation has now been proposed (42) . Experimental models suggest that there are two important pathologic steps in the formation of aneurysms. The first step appears to be the destruction of the elastic media (43) . However, it has been demonstrated in vitro that disruption of elastin results in an arterial dilatation of only 25-65 percent (7, 44) . These studies have shown that collagen must also fail before an aneurysm will continue to expand and rupture. Risk factors for these two steps may be different and might explain why some persons with aortic atherosclerosis develop occlusive disease while others develop aneurysms. For example, it may be that atherosclerosis contributes to the destruction of the elastic media but that additional factors are required to damage the collagen and lead to further aneurysmal dilatation. Genetic predisposition to collagenolysis and enhanced proteolytic activity due to cigarette smoking are two plausible candidates for these additional aneurysmal factors. Recently, it has been suggested that an autoimmune Inflammatory reaction within the aortic wall may also be an important mechanism in the formation of aortic aneurysms (14, 45) .
The results of our study suggest that atherosclerosis per se is not a fully adequate explanation for the pathogenesis of AAA. Since smoking is a well-recognized risk factor for atherosclerosis, some of the relation between smoking and AAA may be mediated through atherosclerosis. However, pathogenetic mechanisms separate from atherosclerosis are also likely to play a role. A recent study reported that the association between smoking and AAA was independent of the extent of clinically apparent atherosclerosis (25) . Cigarette smoking has been shown to perturb the protease/antiprotease balance, leading to a breakdown of connective tissue in the lungs and causing emphysema (46, 47) . It has been suggested that such a process could also affect the aorta (48) . As with smoking, elevated blood pressure may exert some of its influence on AAA formation through atherosclerosis. Alternatively, it may have a direct mechanical effect on AAA development. The strong association between family history and AAA strongly suggests that genetic factors play a role in the development of at least some AAAs. Since diabetes mellitus is a well-established risk factor for atherosclerosis, the inverse association with AAA challenges the notion that AAA is simply a manifestation of aortic atherosclerosis. Precise mechanisms by which diabetes might protect against AAA are not clear. It has been suggested that diabetes produces a macroangiopathy characterized by stiffening of the arteries and that this effect is independent of its role in the development of atherosclerosis (49) . A lack of association between AAA and serum lipids also argues against atherosclerosis as the sole cause of AAA.
In conclusion, the results of this investigation indicate that AAAs and atherosclerosis probably share some common risk factors, most notably smoking and increased blood pressure. However, there are also Important differences in the risk factor profiles for these two diseases that suggest that the atherosclerotic theory of AAA pathogenesis needs further exploration. In addition, further study into other possible pathogenetic mechanisms such as infection, inflammation, and autoimmunity is warranted.
